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The amounts of ribo- and desoxyri)onucleic acids during growth of cultures 
of chick heart tissue were studled by Hull and Kirk (1), as were the synthesis 
of the nucleic acids (2) and the uptake of tracer phosphorus (3) by the culture. 
In  these  studies,  a  medium  containing plasma  in  minimal  quantity,  horse 
serum, and embryo extract, was employed and compared with Tyrode's solu- 
tion as the liquid phase. It is of interest to compare by quantitative measure- 
ment of the same factors cultures in which serum or embryo extract is omitted. 
The influence of the main constituents of the media may then be evaluated. 
Carrel and Ebeling  (4) concluded that fibroblasts growing in dtro did not 
use the nitrogenous compounds contained in serum as food material. Willmer 
(5) has produced evidence that a medium containing only embryo extract and 
Tyrode's solution is not sufficient for continued growth as indicated by nucleic 
acid synthesis. David~on, Leslie, and Waymouth (6) state that embryo extract 
is sufficient. In this study, the findings on which Davidson el al. based  this 
conclusion are confirmed, but there are suggestions that their data were insuf- 
ficient to prove the point. The amount of clot used was considerably greater 
than in this study, which would contribute a  correspondingly greater amount 
of serum and give the cultures with embryo extract alone an added advantage. 
EXPERIMENTAL 
Roller tube cultures were  set according  to the  method described  by Signorotti, 
Hull, and Kirk (7). In each of these was placed ~  of an ll.6-day-old chick heart cut 
into small uniform pieces of about 1 rag. each. Three different media were used: 
1. Standard medium i0 per cent embryonic extract, 40 per cent horse serum, and 
50 per cent Tyrode's solution. 
2. l~mbryonic  extract (E.E.), 10 per cent embryonic extract and 90 per cent Tyrode's 
solution. 
3. Horse serum (H.S., 40 per cent serum and 60 per cent Tyrode's solution. 
At the ends of various time intervals,  the culture was assayed  for the uptake of 
P" by counting through the wall of the culture tube as described by Hull and Kirk 
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(3). At the end of the incubation time, the cultures were analyzed for their content of 
ribonucleic  acid phosphorus  (RNAP),  desoxyribonucleic  acid  phosphorus (DNAP), 
incorporation of P~ into ribonucleic  acid (PrRNA), and incorporation of phosphorus 
into desoxyribonncleic  acid (PrDNA), according to the methods described  by Hull 
and Kirk (I, 2). To each medium was added 0.2 microcurie per ml. of P=, the phos- 
phorus being in the form of neutral ortho-phosphate. 
RESULTS 
Content of RNAP and DNAP.--The zero time values of nucleic acid content 
found by Davidson, Leslie, and Waymouth (6), and Hull and Kirk (1), were 
not in complete agreement.  Some preliminary data were obtained in  this in- 
vestigation in which the values for DNAP were in better agreement with those 
of Davidson a  al.  (6) than were our previously published results (1). Further 
investigation  of  this  discrepancy is  under  way and  will  be  discussed  in  a 
TABLE I 
Comparison of Nucleic Ac~  Content as  Influenced by  the  Medium 
Medium 
Standard ............... 
tt.S .................... 
Standard (tissue--4 pieces/ 
mg.) ..................  f 
No. of 
cultures 
6 
6 
6 
5 
Time of  1  RNAP 
incubation i 
--  krs-----~ I  ,r/mg----~ 
120  0.498 
121  0.244 
121  0.158 
136  1.50 
Standard 
error* 
v/~g. 
0.023 
0.064 
0.058 
0.25 
DNAP 
~/mg. 
0.145 
0.145 
0.074 
0.334 
Standard 
error* 
0.015 
0.013 
0.028 
0.013 
* Standard error =  "V  N(N -- 1) 
subsequent  communication.  Differences  in  the  experimental  technique  em- 
ployed in the various investigations may be responsible for some of the varia- 
tions found. It is desirable, therefore, that complete studies be made to resolve 
all discrepancies. 
After incubating the cultures for 120 hours (in one case 136 hours) in different 
media, the cultures were analyzed for their content of RNAP and DNAP. The 
results are tabulated in Table I. The data show essential agreement with pre- 
vious findings in the case of standard medium (1), which were the only compar- 
able values obtained in the earlier work. The RNAP value, however, is some- 
what lower. This difference is believed to have been caused by the use in the 
former experiments of some horse serum which was found later to have come 
partially from a  horse that carried an infection by a non-pathogenic organism. 
This serum was found  to be markedly stimulating  to the growth of cultured 
cells. The reasons for this effect have not been ascertained, because the horse 
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influence of the serum on the culture was most marked with respect to migration 
and uptake of tracer P~. Other effects were definitely smaller; e.g., on nucleic 
acid  content and  synthesis, and  on protein  content. Direct  comparison  of 
the three media shows that with respect to the DNAP content embryo extract 
alone is as good as standard medium, while horse serum is poor. A direct com- 
parison with the value in Tyrode's solution shows horse serum  to be slightly 
better than Tyrode's solution alone. This is in agreement with other studies 
which will be described in a subsequent paper. The DNAP value for standard 
TABLE  II 
Comparison  of Incorporation of Phosphorus into Nucleic Acids as Influenced by the  Medium 
Medium 
Standard. 
E.E  .... 
H.S... 
Standard (tissue--4 pieces/ 
mg.). 
No. of 
cultures 
T me of 
inc abation 
/tr$. 
120 
121 
121 
136 
P'RNA  Standard 
error* 
~  /mg.  "fling. 
0.124  0.020 
0.238  0.010 
0.051  0.020 
0.496  0.117 
P'DNA 
~/mg. 
0.060 
0.067 
0.008 
0.115 
Standard 
~'rog* 
"Hmg. 
0.013 
0.010 
0.0024 
0.018 
,/. 
* Standard error •ffi  "V  N(N  -  1) 
TABLE  III 
Phosphorus Ronaining after Subtraction  of the A mount Transferred from Inorganic Phosphorus 
Medium 
Standard .................................. 
E.E.  ...................................... 
H.S, ...................................... 
Standard  (tissue--4 pieces/rag.) .............. 
No. Of 
cultures 
Time of 
incubation 
~#'$. 
120 
121 
121 
136 
RNAP 
-~/,ng. 
0.374 
0.006 
0.107 
1.00 
DNAP 
~/mg. 
0.085 
0.078 
0.066 
0.219 
medium with the tissue cut into smaller  pieces  confirms the observation of 
Davidson (6), that cultures grown from smaller implants show an appreciable 
and permanent increase  in the DNAP value. 
The data for P~AP indicate that standard medium is superior  to either 
embryo extract or horse serum alone, but that embryo extract is superior  to 
horse serum. The beneficial effect of cutting the tissue into smaller pieces is 
quite apparent. 
Phosp~us Incorporation into  Nucleic  Acids.--The uptake of tracer phos- 
phorus into desoxyribonucleic acid and into ribonucleic acid is shown in Table 
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of DNAP. P'DNA values in standard medium with the tissue cut into small 
pieces shows a  definite indication of  increased synthesis  of  new cells  (2)  as 
well as retardation of the process of necrosis in the explant. The superiority of 
embryo extract and  standard  medium  over horse  serum as  influencing this 
factor is also very clearly shown. 
Residual Nucleic Acid Phosphorus.--The amount of phosphorus remaining 
in  the nucleic acid  which did not  transfer phosphorus from the  tracer was 
i.e  5 
o  ~"  1.6  ~5 
o,  1.4  6 
6  w 
~I.0 
.8 
.4 
.2 
o  a'o"'io  ~e'o  do  ~bo  I£o  i~o 
HOURS 
Fzo 1.  Uptake of phosphorus,  relative log ~, per milligram implant tissue. 
--~--standard medium small implants. 
-- X--standard. 
--@--E.E. l0 per cent. 
--A--H.S. 40 per cent. 
2, 5, 6, etc., number of samples.  Indicated point  =  mean.  Vertical  line  indicated 
range for 9S per cent of the cases. 
calculated by subtracting the P'RNA from the RNAP and  the P~DNA from 
the DNAP. The results are shown in Table III. 
The interpretation of the data of Table III might be made in two different 
ways. The cutting of the tissue into fine pieces decreases the amount of inactive 
material and suggests a retardation of central necrosis. The alternative explana- 
tion would involve the synthesis of nucleic acid from materials not in equilib- 
rium with inorganic phosphorus. The  former interpretation  is  in  agreement 
with the work of Davidson, Leslie, and Waymouth (6) and of Brues, Rathbun. W.  HULL  AND  P.  L.  85 
and Cohn  (8).  Another point which is indicated by the data of Table IH is 
the maintenance  value of serum as compared with  that  of embryo extract. 
This result is not in complete agreement with the data of Table I, in which 
more of the nucleic acid was lost in horse serum than in embryo extract medium. 
The  effect may, be due to the more rapid  turnover when embryo extract is 
present. It may well be that a decrease in turnover rate is the major item in 
the maintenance  factor of serum  (9,  10). 
Uptake of P~ in the Entire Culturec---The  measurement of the uptake of pn 
by the culture, as measured through  the walls of the culture tube, is shown 
in Fig.  1. The  results indicated by the graph  are consistent with the other 
data reported here. The combination of embryo extract and horse serum was 
somewhat better than embryo extract alone. Embryo extract was considerably 
more  effective in promoting  growth  than  horse  serum.  The  amount  of the 
growth was increased considerably by cutting the tissue into smaller pieces. 
SUMMARY 
The effect of horse serum alone, and of embryo extract alone, was compared 
with that  of "complete medium" on the content and synthesis of ribo- and 
desoxyribonucleic acids and  uptake  of tracer P~ by chick heart  cultures in 
¢itro. 
The factors mentioned are influenced by embryo extract in a manner similar 
to the effect in complete medium.  Horse serum produced little  synthesis of 
nucleic acids or uptake of tracer, giving only slightly more effect than Tyrode's 
solution alone. 
Cutting the tissue into smaller pieces caused considerably greater synthetic 
effects, and retarded necrosis of the implant. 
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